The International workshop on Integrated Assessment of CONtaminants impacts on the North sea (ICON) provided a framework to validate the application of chemical and biological assessment thresholds (BACs and EACs) in the Seine Bay in France. Bioassays (oyster larval anomalies, Corophium arenarium toxicity assay and DR Calux) for sediment and biomarkers: ethoxyresorufin-Odeethylase (EROD) activity, acetylcholinesterase (AChE) activity, lysosomal membrane stability (LMS), DNA strand breaks using the Comet assay, DNA adducts, micronucleus (MN), PAH metabolites, imposex, intersex and fish external pathologies were analysed in four marine sentinel species (Platichthys flesus, Limanda limanda, Mytilus sp. and Nucella lapilus). Polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) and heavy metals were analysed in biota and sediment. Please note that this is an author-produced PDF of an article accepted for publication following peer review. The definitive publisher-authenticated version is available on the publisher Web site.
Introduction 19 20
The Seine estuary is the largest megatidal estuary in the English Channel and is ranked among 21
Europe's most highly polluted estuaries in terms of chemical contamination ( Calais and Brest, and is dominated by the Seine and its tributaries (Millwards et al., 2015) . 26
The Seine catchment area, downstream of the cities of Paris and Rouen and upstream of Le 27 Havre, is highly urbanized and industrialized. The Seine catchment area is a hub for around 28 40% of France's economic activities. It is influenced by a dense urban population (16 million 29 inhabitants), combined with extensive farming (cereals, oleaginous plants, beetroot and 30 potatoes) at around 100,000 farms. Chemical contaminant drainage to the Seine estuary, 31 combined with atmospheric inputs, represent a chronic source of contamination characterized 32 by a wide diversity of contaminants (PAHs, PCBs, heavy metals, phtalates, hormones, 33 M A N U S C R I P T
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2012. The test sediment was homogenized manually and passed through a 2-mm nylon sieve. 170
It was then diluted in synthetic seawater and the suspensions obtained can be used directly for 171 larval development. Fertilized eggs obtained from mature oysters (or mussels) were rapidly 172 distributed in the test environment. The oyster larva develops at a temperature of 24°C for 24 173 hours (48 hours at 20°C for mussels). After stopping incubation, the larvae were counted 174 under a microscope. Larvae quality was ranked into two categories: normal and abnormal 175 larvae (mantels partially protruding from shells, malformed shells, abnormal segmentation 176 sizes). The toxic dose required to obtain 50% abnormal larvae (CI-50) was then determined. 177
Test conditions were controlled using a reference contaminant (Cu 2+ ). The sediment toxicity 178 test on Corophium arenarium was performed using the method described by Roddie and 179 Wallis one way analysis of variance on ranks with the Nemenyi post-hoc test has been applied 300 for biomarkers and bioassays. The significance level was P<0.05. 301 M A N U S C R I P T A C C E P T E D Vethaak (2012) for anomalies in Crassostrea gigas oyster larvae exposed to 5 g.L -1 dry 321 sediment allowed us to classify sediment collected from the Seine estuary adjacent to Le 322
Havre and under the direct influence of the Seine panache ( Fig. 2) . The results obtained were 323 compared to two other ICON European sites in the North Atlantic (Wadden Sea) and 324
Mediterranean (Cartagena) ( Table 2) . 325
In 2008, oyster embryo-larval assay applied in sediments from the Seine estuary showed a 326 high toxic potential (54%). Sediments from the Wadden Sea in the Netherlands were 327 characterized by an even higher potential toxicity (99%), way above the EAC 40%. The 328 Spanish sediment samples collected from Cartagena showed 34% toxicity and were hence 329 classified as having average toxicity, between BAC (20%) and EAC (40%). detected in the sediment from the Iceland offshore station, located in the coldest and least 381 contaminant-exposed geographical area. All three 3 sediments revealed H4IIE cytotoxicity at 382 the highest tested concentrations (Table 2) . CB118, CB138, CB153, CB156 and CB180 in dab and flounder were all higher than BAC 442 (Table 4) (Table 3) . 445
Cadmium, mercury and lead measurements were all less than 1 mg. The LMS value in dab was lower than EAC (10 min) (Table 3) . 469 PAH metabolite distribution in flounder and dab was dominated (Tables 3 and 5) by 1-OH-470 Pyrene, which was present above the detection limit in most samples (between 60 and over 471 80%). OH-BaPs, when they could be detected and quantified, were also relatively abundant 472 (Table 5) with parasitic copepoda and 47 % were infested with gill parasites. 532
Stress on stress (SOS) in mussels (Martìnez-Gómez et al., 2016) revealed the resistance time 533 of mussels from Honfleur (Fig. 2) to be significantly lower versus mussels from Moulard.
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Median resistance time was 8 days in Le Havre versus 13 days in Le Moulard. Honfleur 535 mussels, directly influenced by inputs from the Seine, had the following SOS classification: 536
EAC (5) <SOS< BAC (10). 537
AChE interannual variability was revealed in the Seine estuary in Mytilus sp mussel samples 538 collected from Honfleur in 2008 and 2009 (Table 6 ). In 2008, caged Mytilus galloprovincialis 539 mussels were collected from Cape Palos in Cartagena (SE Spain) (Martìnez-Gómez et al, 540 2016) and Mytilus sp. samples were taken from natural beds at Honfleur and Wadden sea. The 541 mussels from the Honfleur site were characterized by more inhibited AChE activity than at 542 the other sites (43±15 nmol.min -1 .mgprot -1 ). AChE activity at Honfleur was above BAC (30 543 nmol.min -1 .mgprot -1 ), meaning Honfleur mussels had not undergone any neurotoxic effects. 544
The Mytilus sp. collected from the Wadden Sea had AChE activity equal to (70±57 nmol.min -545 1 .mgprot -1 ), which classified them within BAC, as in Honfleur (Seine estuary) ( Fig. 2 ; Tables 546 3 and 6). The Mytilus galloprovincialis mussels collected from Spain were immersed and 547 maintained in cages at Cape Palos and Cartagena. AChE activity at Cape Palos (85±77 548 nmol.min -1 .mgprot -1 ) and Cartagena (76±65 nmol.min -1 .mgprot -1 ) was less inhibited than in 549 mussels from the Seine Bay, however this species was different (Mytilus galloprovincialis) 550 and kept in cages. Nonetheless, a classification using comparisons of BAC (29 nmol.min -551
1 .mgprot -1 ) and EAC (20 nmol.min -1 .mgprot -1 ) specific to M. galloprovincialis also classified 552 the caged mussels within BAC. To resume, mussels were more inhibited in the Seine estuary 553 but, despite high exposure in Honfleur, did not show AChE inhibition exceeding BAC. 554
Precisions on the hybridization rate of Mytilus galloprovincialis and Mytilus edulis mussels 555 would offer a more accurate comparison of the species sampled in the Atlantic and 556
Mediterranean (Bierne et al., 2003). The influence of temperature on AChE inhibition is a 557 foremost environmental factor. Temperatures on Spanish Mediterranean coasts (17°C) were 558
higher than in the Seine estuary (16°C) and Wadden Sea (14°C), situated further North. 559
Nevertheless, despite temperature differences, exposure conditions on natural foreshores and 560 in cages, together with very different typologies across the three stations, the results obtained 561 at the three sites showed that AChE activity varied within a comparable metabolic response 562 range. This major result has enabled EAC and BAC thresholds to be applied in the ICON 563 programme. However, it does require an improved future integration of physiological 564 parameters and environmental factors relative to each habitat for a more refined diagnostic at 565 each site. 566
The measurements conducted in Seine Bay on mussels collected from natural beds at 567
Honfleur and Le Moulard showed more fragile cellular integrity (LMS) versus mussels from 568 M A N U S C R I P T
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Honfleur (Tables 3 and 6 ). Using Neutral red retention assay (NRR) analysis, haemocytes 569 permeability time was quantified at 43 minutes at Honfleur versus 75 minutes at Le Moulard. 570
When the effect thresholds determined by OSPAR (Davies & Vethaak, 2012) were applied, 571 mussels from Honfleur were shown to be in a severely-stressed state (< 50 minutes), while 572 mussels from Le Moulard were in a less-stressed exposure state. Metabolic compensation was 573 nevertheless observed (120 <LMS Moulard < 50 minutes) to maintain homeostasis. The 574
Moulard station, chosen as a reference for comparison with the Seine estuary, had therefore 575 undergone exposure pressure, although to a lesser degree than the Seine estuary station. 576
Comparative LMS measurements (Table 6) Table 5 M A N U S C R I P T A C C E P T E D Table 6 M A N U S C R I P T A C C E P T E D M A N U S C R I P T 

